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(54) NORMAL PRESSURE PLASMA PROCESSING METHOD AND DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a processing 
method and the device for keeping the vicinity of the 
contact part of plasmas and a body to be processed in 
the atmosphere of inert gas in a normal plasma 
processing method. 

SOLUTION: In this method, a solid dielectric is installed 
on the opposing surface of at least one of a pair of 
counter electrodes under a pressure near the 
atmospheric pressure, the plasma obtained by 
introducing processing gas between the pair of the 
counter electrodes and applying an electric field between 
the electrodes is brought into contact with the body to be 
processed and the body to be processed is processed. 
The vicinity of the contact part of the plasma and the 

body to be processed is kept in an inert gas atmosphere by a gas atmosphere adjusting 
mechanism. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ordinary-pressure plasma-treatment approach which is an approach of contacting the 
plasma acquired by installing a solid dielectric in one [ at least ] opposed face of the electrode of the pair 
which counters, introducing raw gas between the counterelectrodes of the pair concerned, and 
impressing electric field to inter-electrode under the pressure near the atmospheric pressure on a 
processed object, and processing a processed object, and is characterized by to be maintained at an inert- 
gas ambient atmosphere near the contact section of this plasma and a processed object by the gas 
controlled atmosphere device. 

[Claim 2] The ordinary pressure plasma treatment approach according to claim 1 that a gas controlled 
atmosphere device is characterized by being maintained at an inert gas ambient atmosphere near the 
contact section of the plasma and a processed object by the gas curtain device. 
[Claim 3] The ordinary pressure plasma treatment approach according to claim 1 or 2 characterized by 
being maintained at an inert gas ambient atmosphere near the contact section of the plasma and a 
processed object by having a flueing device around the contact section of the plasma and a processed 
object, and having a gas curtain device to the perimeter. 

[Claim 4] The ordinary pressure plasma treatment approach according to claim 1 characterized by being 
maintained at an inert gas ambient atmosphere near the contact section of the plasma and a processed 
object by processing in the container filled with inert gas. 

[Claim 5] The ordinary pressure plasma treatment approach according to claim 4 characterized by being 
maintained at an inert gas ambient atmosphere near the contact section of the plasma and a processed 
object by carrying out the firm gas of the inert gas into a container. 

[Claim 6] The ordinary pressure plasma treatment approach given in any 1 term of claims 1-5 
characterized by being the ambient atmosphere of any one or more sorts of gas chosen from the group 
which an inert gas ambient atmosphere becomes from nitrogen, an argon, helium, neon, and a xenon. 
[Claim 7] The ordinary pressure plasma treatment approach given in any 1 term of claims 1-6 to which 
the electric field impressed to inter-electrode are characterized by being pulse-like electric field. 
[Claim 8] The ordinary pressure plasma treatment approach according to claim 7 that a pulse standup 
and/or falling time amount are characterized by pulse-like electric field being [ 100 or less microseconds 
and field strength ] 0.5 - 250 kV/cm. 

[Claim 9] Claim 7 to which a frequency is characterized by pulse-like electric field being [ 0.5-100kHz 
and pulse length ] 1 - 1000 microseconds, or the ordinary pressure plasma treatment approach given in 
either of 8. 

[Claim 10] Ordinary-pressure plasma-treatment equipment characterized by coming to have the device 
which introduces raw gas in ordinary pressure plasma treatment equipment between the counterelectrode 
of a pair with which the solid dielectric was installed in one [ at least ] opposed face, and the 
counterelectrode of the pair concerned, the device in_which electric field are impressed to this inter- 
electrode one, the device in_which the plasma acquired by this electric field is contacted on a processed 
object, and the device that maintains at an inert gas ambient atmosphere near the contact section of this 
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plasma and a processed object. 

[Claim 11] Ordinary pressure plasma treatment equipment according to claim 10 with which the device 
which maintains at an inert gas ambient atmosphere near the contact section of the plasma and a 
processed object is characterized by being a gas curtain device. 

[Claim 12] Ordinary pressure plasma treatment equipment according to claim 10 or 1 1 characterized by 
being the device which maintains at an inert gas ambient atmosphere near the contact section of the 
plasma and a processed object when the device which maintains at an inert gas ambient atmosphere near 
the contact section of the plasma and a processed object has a flueing device around the contact section 
of the plasma and a processed object and arranges a gas curtain device to the perimeter. 
[Claim 13] The counterelectrode of a pair with which the solid dielectric was installed by one [ at least ] 
opposed face into the container which filled inert gas, The device which introduces raw gas between the 
counterelectrodes of the pair concerned, and the device in which electric field are impressed to this inter- 
electrode one, Ordinary pressure plasma treatment equipment according to claim 10 characterized by 
being maintained at an inert gas ambient atmosphere near the contact section of the plasma and a 
processed object by arranging the device in which the plasma acquired by this electric field is contacted 
on a processed object. 

[Claim 14] Ordinary pressure plasma treatment equipment according to claim 13 characterized by being 
made as [ maintain / by carrying out the firm gas of the inert gas into a container / at an inert gas 
ambient atmosphere / near the contact section of the plasma and a processed object ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ordinary pressure plasma treatment approach 
equipped with the gas controlled atmosphere device which maintains at an inert gas ambient 
atmosphere, especially an inert gas ambient atmosphere near the processing section, and its equipment in 
the ordinary pressure plasma treatment approach under the pressure near the atmospheric pressure. 
[0002] 

[Description of the Prior Art] The method of generating the glow discharge plasma under low voltage 
conditions, and performing thin film formation on the surface treatment of a processed object or a 
processed object from the former, is put in practical use. However, the processing under these low 
voltage conditions was hardly used, when it was required, surface treatment equipment became 
expensive and a vacuum chamber, evacuation equipment, etc. processed a large area substrate etc. For 
this reason, the method of generating the discharge plasma under the pressure near the atmospheric 
pressure has been proposed. 

[0003] The method of processing under the ambient atmosphere to which the method of processing 
under a helium ambient atmosphere becomes JP,2-48626,A from an argon, an acetone, and/or helium as 
an old ordinary pressure plasma treatment method is indicated by JP,4-74525,A. However, each above- 
mentioned approach generates the plasma in the gas ambient atmosphere containing organic compounds, 
such as helium or an acetone, and a gas ambient atmosphere is limited. Furthermore, since helium is 
expensive, it is industrially disadvantageous, when an organic compound is made to contain, the organic 
compound itself reacts with a processed object in many cases, and surface treatment processing for 
which it asks may not be able to be performed. 

[0004] Moreover, in the film formation in manufacture of a semiconductor device etc., it is 
disadvantageous for the process that processing speed is slow and industrial, by the conventional 
ordinary pressure plasma method. Furthermore, in the thin film formation or dry etching processing in 
an elevated temperature, there was a problem that oxidization of a processed object, oxidization of the 
generated film, oxidization of the etching section, etc. may arise, and a good semiconductor device was . 
not obtained according to the gas ambient atmosphere near the contact section of the plasma and a 
processed object. In order to solve these problems, when it processed by once carrying out vacuum 
suction within the well-closed container, the present condition was being able to respond to neither high- 
speed processing nor a large area substrate as well as the processing under low voltage. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the ordinary pressure plasma 
treatment approach which can respond to high-speed processing and large area processing, and its 
equipment in view of the above-mentioned problem. 
[0006] 

[Means for Solving the Problem] this invention persons completed a header and this invention for high- 
speed processing and large area processing being possible, and deterioration of a generation thin film or 
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a cutting plane being suppressed by combining the plasma method and the gas controlled atmosphere 
device which the discharge condition stabilized under the atmospheric pressure conditions before and 
behind processing is realizable, as a result of inquiring wholeheartedly that the above-mentioned 
technical problem should be solved. 

[0007] Namely, invention of the 1st of this invention installs a solid dielectric in one [ at least ] opposed 
face of the electrode of the pair which counters under the pressure near the atmospheric pressure. It is 
the approach of contacting the plasma acquired by introducing raw gas between the counterelectrodes of 
the pair concerned, and impressing electric field to inter-electrode on a processed object, and processing 
a processed object. It is the ordinary pressure plasma treatment approach characterized by being 
maintained at an inert gas ambient atmosphere near the contact section of this plasma and a processed 
object by the gas controlled atmosphere device. 

[0008] Moreover, invention of the 2nd of this invention is the ordinary pressure plasma treatment 
approach given in the 1st invention to which a gas controlled atmosphere device considers being 
maintained at an inert gas ambient atmosphere near the contact section of the plasma and a processed 
object as the description according to a gas curtain device. 

[0009] Moreover, invention of the 3rd of this invention is the ordinary pressure plasma treatment 
approach given in invention of the 1st or 2 characterized by being maintained at an inert gas ambient 
atmosphere near the contact section of the plasma and a processed object by having a flueing device 
around the contact section of the plasma and a processed object, and having a gas curtain device to the 
perimeter. 

[0010] Moreover, invention of the 4th of this invention is the ordinary pressure plasma treatment 
approach given in the 1st invention characterized by being maintained at an inert gas ambient 
atmosphere near the contact section of the plasma and a processed object by processing in the container 
filled with inert gas. 

[001 1] Moreover, invention of the 5th of this invention is the ordinary pressure plasma treatment 
approach given in the 4th invention characterized by being maintained at an inert gas ambient 
atmosphere near the contact section of the plasma and a processed object by carrying out the firm gas of 
the inert gas into a container. 

[0012] Moreover, invention of the 6th of this invention is the ordinary pressure plasma treatment 
approach given in the l-5th ones which are characterized by being the ambient atmosphere of any one or 
more sorts of gas chosen from the group which an inert gas ambient atmosphere becomes from nitrogen, 
an argon, helium, neon, and a xenon of invention. 

[0013] Moreover, invention of the 7th of this invention is the ordinary pressure plasma treatment 
approach given in the l-6th ones to which the electric field impressed to inter-electrode are 
characterized by being pulse-like electric field of invention. 

[0014] Moreover, the pulse-like electric field of invention of the 8th of this invention are the ordinary 
pressure plasma treatment approaches given in the 7th invention to which a pulse standup and/or falling 
time amount are characterized by field strength being 0.5 - 250 kV/cm 100 or less microseconds. 
[0015] Moreover, the pulse-like electric field of invention of the 9th of this invention are the ordinary 
pressure plasma treatment approaches given in invention of the 7th or 8 to which a frequency is 
characterized by 0.5-1 00kHz and pulse length being 1 - 1000 microseconds. 
[0016] Moreover, the counterelectrode of a pair with which, as for invention of the 10th of this 
invention, the solid dielectric was installed in one [ at least ] oppose s d face in ordinary pressure plasma 
treatment equipment, The device which introduces raw gas between the counterelectrodes of the pair 
concerned, the device in which electric field are impressed to this interrelectrode ones, It is ordinary 
pressure plasma treatment equipment characterized by coming to have the device in which the plasma 
acquired by this electric field is contacted on a processed object, and the device which maintains at an 
inert gas ambient atmosphere near the contact section of this plasma and a processed object. 
[0017] Moreover, invention of the 1 1th of this invention is ordinary pressure plasma treatment 
equipment given in the 10th invention to which the device which maintains at an inert gas ambient 
atmosphere near the contact section of the plasma and a processed object considers that it is a gas curtain 
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device as the description. 

[0018] Moreover, invention of the 12th of this invention is ordinary-pressure plasma-treatment 
equipment given in invention of the 10th or 1 1 characterized by being the device which maintains at an 
inert gas ambient atmosphere near the contact section of the plasma and a processed object, when the 
device which maintains at an inert gas ambient atmosphere near the contact section of the plasma and a 
processed object has a flueing device around the contact section of the plasma and a processed object 
and arranges a gas curtain device to the perimeter. 

[0019] Moreover, the counterelectrode of a pair with which the solid dielectric was installed by one [ at 
least ] opposed face into the container with which invention of the 13th of this invention filled inert gas, 
The device which introduces raw gas between the counterelectrodes of the pair concerned, and the 
device in which electric field are impressed to this inter-electrode one, It is ordinary pressure plasma 
treatment equipment given in the 10th invention characterized by being maintained at an inert gas 
ambient atmosphere near the contact section of the plasma and a processed object by arranging the 
device in which the plasma acquired by this electric field is contacted on a processed object. 
[0020] Moreover, invention of the 14th of this invention is ordinary pressure plasma treatment 
equipment given in the 13th invention characterized by being made as [ maintain / at an inert gas 
ambient atmosphere / near the contact section of the plasma and a processed object ] by carrying out the 
firm gas of the inert gas into a container. 
[0021] 

[Embodiment of the Invention] The ordinary pressure plasma treatment approach and equipment of this 
invention under the pressure near the atmospheric pressure A solid dielectric is installed in one [ at 
least ] opposed face of the electrode of the pair which counters, and raw gas is introduced between the 
counterelectrodes of the pair concerned. To inter-electrode [ concerned ] electric field and by impressing 
pulse-like electric field preferably In the ordinary pressure plasma treatment approach of contacting the 
plasma of this raw gas obtained on a processed object By making into an inert gas ambient atmosphere 
near where the plasma and a processed object contact By protecting a processed object and the 
processing section from an oxidizing atmosphere or other contamination ambient atmospheres, it is an 
approach and equipment equipped with the gas controlled atmosphere device for protecting the thin film 
formed on the processed material obtained or a processed material. Hereafter, this invention is explained 
to a detail. 

[0022] The bottom of the pressure near [ above-mentioned ] the atmospheric pressure points out the 
bottom of the pressure of 1.333x104 to 10.664xl04Pa. Especially, pressure regulation is easy and the 
range of 9.331x104 to 10.397xl04Pa where equipment becomes simple is desirable. 
[0023] Although shifting to an arc discharge condition in an instant, without being stabilized except 
specific gas, such as helium and a ketone, and holding a plasma discharge condition is known under the 
pressure near the atmospheric pressure, before shifting to arc discharge, it is thought by impressing 
pulse-like electric field that the stop and the cycle of starting discharge again are realized in discharge. 
[0024] It becomes possible not to stabilize the time amount which results in an arc discharge condition 
without the approach of impressing the electric field of the shape of a pulse of this invention to the 
bottom of the pressure near the atmospheric pressure, in the ambient atmosphere which does not contain 
a long component from plasma discharge conditions, such as helium, and to generate the discharge 
plasma. 

[0025] In addition, according to the approach of this invention, it is possible to generate the glow 
discharge plasma regardless of the class of gas which exists all over plasma generating space. Although 
it was indispensable to have processed also in the atmospheric pressure plasma treatment under a 
specific gas ambient atmosphere within the well-closed container intercepted from the open air as well 
as the plasma treatment under well-known low voltage conditions, according to the glow discharge 
plasma treatment approach of this invention, processing by the open system or the low airtight system of 
extent which prevents a free gaseous spill is attained. 

[0026] Furthermore, since the plasma state of high density is realizable with processing with 
atmospheric pressure, when performing processes, such as consecutive processing, it has a big meaning. 
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Two operations which this invention has are related to implementation of the plasma state of the above- 
mentioned high density. 

[0027] It is the operation which the gas molecule which field strength is 0.5 - 250 kV/cm, and exists all 
over plasma generating space when build up time impresses the pulse electric field of 100 or less 
microseconds in which it has a steep standup excites [ 1st ] efficiently. When it is equivalent to 
supplying gradually the energy which has different magnitude, excitation of the molecule first ionized 
by low energy, i.e., the small molecule of the first ionization potential, takes place preferentially and 
energy high next is supplied, it is difficult for impressing pulse electric field with a late standup to ionize 
efficiently the molecule with which the already ionized molecule excites to higher level, and exists all 
over plasma generating space. On the other hand, according to the pulse electric field whose build up 
time is 100 or less microseconds, energy will be given to the molecule which exists all over space all at 
once, and many [ namely, ] absolute numbers of the molecule in the condition of having ionized in space 
will say that a plasma consistency is high. 

[0028] It is the operation which chooses a molecule with many electrons, i.e., a molecule with larger 
molecular weight than helium, as the 2nd from helium as a controlled atmosphere by stabilizing and 
acquiring the plasma of gas ambient atmospheres other than helium, and realizes space where electron 
density is high as a result. The molecule which generally has many electrons tends to carry out 
ionization. As mentioned above, although it is a component which is hard to ionize, once ionizing 
helium, it did not result in the arc, but since the time amount which exists by the grotesque-plasma state 
is long, it has been used as a controlled atmosphere in the atmospheric pressure plasma. However, if it 
can prevent that a discharge condition shifts to an arc, the way which uses the molecule with the large 
mass number which is easy to ionize can make [ many ] the absolute number of the molecule in the 
condition of having ionized in space, and can raise a plasma consistency. Although it is impossible to 
generate glow discharge plasma other than under [ where 90% or more of helium exists ] an ambient 
atmosphere and only the technique that discharges by the sin wave in the ambient atmosphere which 
consists of an argon and an acetone is indicated by JP,4-74525,A with the conventional technique, 
according to this invention persons' supplementary examination, stability and high-speed processing 
cannot be performed on practical use level. Moreover, since an acetone is contained in an ambient 
atmosphere, the processing of those other than the hydrophilization purpose is disadvantageous. 
[0029] As mentioned above, this invention makes possible glow discharge stabilized for the first time 
from helium by the molecule which has many electrons under the ambient atmosphere which exists 
superfluously, and the ambient atmosphere which specifically contains a with a molecular weight often 
or more compound more than 10 volume %, and realizes the high density plasma state advantageous to 
surface treatment by this. 

[0030] If it is electric field and gas which generates the plasma by impressing pulse electric field 
preferably as raw gas used by this invention, it is not limited especially but various gas can be used for 
the processing purpose. 

[003 1] As material gas as a raw material of a thin film, the amorphous silicon film, the polish recon film 
and the above-mentioned silane content gas, and nitrogen content gas, such as anhydrous ammonia and 
nitrogen gas, to the SiN film is formed from the silane content gas of SiH4, Si2H6, SiC14, SiH2C12, and 
Si(CH3) 4 grade. 

[0032] Moreover, the oxide film of Si02 grade is obtained from silane content gas and oxygen gas, such 
as SiH4, Si2H6, and a tetra-ethoxy silane. 

[0033] Moreover, the metal silicide thin film of metal thin films, such as aluminum, In, Mo, W, and Cu, 
TiSi2, and WSi2 grade can be formed from the mixed gas of the silane gas of aluminum (CH3)3, In 
(C2H5)3, M0CI6, WF6, Cu (HFAcAc)2, TiC16 grade, or SiH4 grade. 
[0034] Moreover, transparence electric conduction film, such as In203+Sn, Sn02+Sb, and 
ZnO+aluminum, is formed from In (Oi-C3H7)3, Zn (OC2H5)2, In (CH3)3, and Zn(C2H5) 2 grade. 
[0035] moreover - B-2 - H - six - BC1 ~ three - NH - three - gas - etc. - from » BN - the film 
SiF - four - gas - oxygen gas - etc. - from - SiOF - the film - HSi ~ (-- OR --) - three - CH - 
three - Si - (-- OR -) - three - two (CH3) - Si - (- OR --) ~ two ~ a grade - from - a polymer - 
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the film - etc. - forming - having . 

[0036] Moreover, the oxide film of Ta 205, Y203, Hf02, and Zn02 grade etc. is formed from Ta 
(OC2H5)5, Y (OiC3H7)3, Y (C2H5)3, Hf (OiC3H7)4, and Zn(C2H5) 2 grade. 
[0037] Furthermore, the fluorine content compound gas of CF4, C2F6, CF3CFCF2, and C4F8 grade, 
Oxygen content compound gas, such as 02, 03, H20, CH30H, and C2H50H, Polymerization nature 
hydrophilic monomer gas, such as sulfur content compound gas of N2, the nitrogen content compound 
gas of NH3 grade, S02, and S03 grade, an acrylic acid, methacrylamide, and poly ethylene-glycol 
dimethacrylate ester, etc. can be used according to each purpose. 

[0038] Moreover, using halogen system gas, etching processing and dicing processing can be performed 
or surface cleaning and surface treatment can also be performed [****/ performing removal of resist 
processing or organic substance contamination ] with the plasma by inert gas, such as an argon and 
nitrogen, using oxygen system gas. 

[0039] In this invention, although the above-mentioned material gas may be used as raw gas as it is, 
from viewpoints, such as economical efficiency and safety, material gas can be diluted with dilution gas 
and this can also be used as raw gas. As dilution gas, rare gas, such as neon, an argon, and a xenon, . 
nitrogen gas, etc. are mentioned. These may be independent, or may mix and use two or more sorts. 
Although processing under existence of helium has been conventionally performed to the bottom of the 
pressure near the atmospheric pressure, according to the electric field of this invention, and the method 
of impressing pulse-like electric field preferably, the processing stabilized in a cheap argon and nitrogen 
gas as compared with helium is possible as mentioned above. 

[0040] Although processing has been conventionally performed under the ambient atmosphere to which 
helium exists in an overlarge under the pressure near the atmospheric pressure By according to the 
approach of this invention, comparing with helium and processing under existence of the gas which the 
stable processing in gases, such as a cheap argon and nitrogen, is possible, and has more electrons with 
such still larger molecular weight Since the high density plasma state can be realized and processing 
speed can be gathered, it has a big predominance on industry. 

[0041] As the above-mentioned electrode, what consists of alloys, such as metal simple substances, such 
as copper and aluminum, stainless steel, and brass, an intermetallic compound, etc. is mentioned, for 
example. In order to avoid generating of the arc discharge by electric-field concentration, as for the 
above-mentioned counterelectrode, it is desirable that it is the structure where the distance between 
counterelectrodes serves as abbreviation regularity. As electrode structure of fulfilling this condition, an 
parallel monotonous mold, a cylinder opposite monotonous mold, a ball opposite monotonous mold, a 
hyperboloid opposite monotonous mold, coaxial-circles telescopic structure, etc. are mentioned, for 
example. 

[0042] Moreover, except abbreviation fixed structure, since the degree of the electric- field concentration 
from which what has big cylinder curvature causes arc discharge by cylinder opposite cylindrical is 
small, it can use as a counterelectrode. The radius of curvature of 20mm or more is desirable at least. 
Although based also on the dielectric constant of a solid dielectric, in the curvature not more than it, it is 
easy to concentrate the arc discharge by electric-field concentration. With [ each curvature ] this [ more 
than ], the curvatures of the electrode which counters may differ. Since the discharge stabilized more is 
obtained in order to approach monotonously in approximation so that it is large, curvature is 40mm or 
more in radius more preferably. 

[0043] Furthermore, that, as for the electrode made to generate the plasma, the solid dielectric should 
just be arranged among pairs at least at one side, the electrode of a pair may counter, where a suitable 
distance which does not result in a short circuit is opened, and it may intersect perpendicularly. 
[0044] The above-mentioned solid dielectric is installed in one side or the both sides of an opposed face 
of an electrode. Under the present circumstances, it is desirable for a solid dielectric and the near 
electrode installed to stick, and to cover the opposed face of the touching electrode completely. When 
there is a part where electrodes counter directly, without being covered with a solid dielectric, it is easy 
to produce arc discharge from there. 

[0045] The shape of the shape of a sheet and a film has as the configuration of the above-mentioned 
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solid dielectric, and it is desirable that thickness is 0.01 -4mm. When the high voltage may be taken to 
generate the discharge plasma if too thick and it is too thin, dielectric breakdown may happen at the time 
of electrical-potential-difference impression, and arc discharge may occur. Moreover, the thing of a 
container mold can also be used as a configuration of a solid dielectric. 

[0046] As the quality of the material of a solid dielectric, multiple oxides, such as metallic oxides, such 
as plastics, such as polytetrafluoroethylene and polyethylene terephthalate, glass, a silicon dioxide, an 
aluminum oxide, a zirconium dioxide, and a titanium dioxide, and barium titanate, these double- 
stratified things are mentioned, for example. 

[0047] As for especially a solid dielectric, it is desirable that specific inductive capacity is two (it is the 
same the bottom of 25-degree-C environment and the following) or more. Specific inductive capacity 
can mention polytetrafluoroethylene, glass, a metal oxide film, etc. as an example of two or more 
dielectrics. In order to be stabilized and to generate the discharge plasma of high density furthermore, 
specific inductive capacity of things is desirable using ten or more fixed dielectrics. Although especially 
the upper limit of specific inductive capacity is not limited, about 1 8,500 thing is known for the actual 
ingredient. It is desirable for specific inductive capacity to consist of a metal mill scale mixed with 5 - 
50 % of the weight of oxidization titanium and 50 - 95 % of the weight of aluminum oxides, for example 
or a metal mill scale containing a zirconium dioxide as ten or more solid dielectrics, and to use that 
whose thickness of the coat is 10-1000 micrometers. 

[0048] Although the above-mentioned inter-electrode distance is suitably determined in consideration of 
the purpose using the thickness of a solid dielectric, the magnitude of applied voltage, and the plasma 
etc., it is desirable that it is l-50mm. Less than 1mm is not sometimes enough to keep and install inter- 
electrode spacing. If it exceeds 50mm, it will be hard to generate the uniform discharge plasma. 
[0049] the electric field of this invention — pulse-like electric field are explained preferably. The 
example of a pulse voltage waveform is shown in drawing 1 . Wave (a) and (b) are [ a pulse mold and 
wave (d) of an impulse mold and wave (c) ] the waves of a modulation mold. Although electrical- 
potential-difference impression mentioned what is the repeat of positive/negative to drawing 1 , the 
pulse of the type which impresses an electrical potential difference to a forward or negative polarities 
[ one of] side may be used. Moreover, the pulse electric field superimposed on the direct current may be 
impressed. The wave of the pulse electric field in this invention is not limited to the wave mentioned 
here, but may become irregular further using pulse shape, build up time, and the pulse from which a 
frequency differs. It is suitable for the above modulations performing high-speed continuation surface 
treatment. 

[0050] The standup and/or falling time amount of the above-mentioned pulse electric field have 100 or 
less desirable microseconds. If it exceeds 100 microseconds, a discharge condition will become being 
easy to shift to an arc unstable, and it will be hard coming to hold the high density plasma state by pulse 
electric field. Moreover, although ionization of the gas in the case of plasma generating is efficiently 
performed so that build up time and falling time amount are short, it is difficult to realize the pulse 
electric field of the build up time for less than 40ns in fact. It is 50ns - 5 microseconds more preferably. 
In addition, as for the time amount whose electrical-potential-difference change is forward continuously, 
and falling time amount, as for build up time here, electrical-potential-difference change shall point out 
the time amount which is negative continuously. 

[0051] Moreover, the steep thing of the falling time amount of pulse electric field is also desirable, and it 
is desirable that it is the same time scale for 100 or less microseconds as build up time. Although it 
changes also with pulse electric-field generating techniques, what falls with build up time and can be set 
as the time amount with the same time amount is desirable. 

[0052] As for the field strength of the above-mentioned pulse electric field, it is desirable to make it 
become 0.5 - 250 kV/cm. Processing takes time amount too much as field strength is less than 0.5 
kV/cm, and if 250 kV/cm is exceeded, it will become easy to generate arc discharge. 
[0053] As for the frequency of the above-mentioned pulse electric field, it is desirable that it is 0.5- 
100kHz. Since the plasma consistency is low, processing takes time amount too much, as it is less than 
0.5kHz, and if it exceeds 100kHz, it will become easy to generate arc discharge. More preferably, it is 1- 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/19/06 



JI\2002-151494,A [DETAILED DESCRIPTION] 



Page 7 of 10 



100kHz and processing speed can be greatly raised by impressing the pulse electric field of such high 
frequency. 

[0054] Moreover, as for one pulse length in the above-mentioned pulse electric field, it is desirable that 
it is 1 - 1000 microseconds. Discharge becomes being less than 1 microsecond with an unstable thing, 
and if it exceeds 1000 microseconds, it will become easy to shift to arc discharge. It is 3 - 200 
microseconds more preferably. Here, although one pulse length has shown the example in drawing 1 , it 
means ON time amount in the pulse electric field which consist of a repeat of ON and OFF which one 
pulse follows. 

[0055] As a processed object of this invention, plastics, such as a semiconductor device, a metal, 
polyethylene, polypropylene, polystyrene, a polycarbonate, polyethylene terephthalate, 
polytetrafluoroethylene, and acrylic resin, glass, a ceramic, etc. are mentioned. As a configuration of a 
processed object, although things, such as the shape of tabular and a film, are mentioned, it is not limited 
to especially these. According to the art of this invention, it can respond to processing of a processed 
object in which it has various configurations, easily. 

[0056] In case the plasma generated in the above-mentioned inter-electrode one is contacted on a 
processed object, in this invention, it is necessary to maintain at an inert gas ambient atmosphere near 
the processing section of a processed object, and to use further, heating of a positive processed object, 
antioxidizing of the processed body surface before processing, prevention of the temperature rise of the 
processed object under processing, protection of the processed body surface after processing, and the 
device in which the gas is collected, for recovery of waste gas etc. 

[0057] Therefore, in case the equipment of this invention contacts the above-mentioned plasma on a 
processed object, the equipment which added the gas controlled atmosphere device which maintains at 
the ambient atmosphere of inert gas near the contact section of the plasma and a processed object is 
required for it. Here, nitrogen, an argon, helium, neon, a xenon, etc. are mentioned as inert gas. 
Moreover, dry air may be used when the effect of the oxygen of making an oxide film form etc. is little 
processing. 

[0058] The device in which processing which sprays the plasma gas which occurred in inter-electrode 
[ which arranges a processed object in the plasma gas which specifically occurred in inter-electrode / 
which counters / which processes or counters ] on a processed object is performed in the container filled 
with the gas curtain device by inert gas and inert gas etc. is mentioned. 

[0059] It can maintain at an inert gas ambient atmosphere near the contact section of the plasma and a 
processed object by having a flueing device to the perimeter near the contact section of the plasma and a 
processed object, and having a gas curtain device by inert gas to the perimeter as a gas curtain device by 
inert gas. 

[0060] For example, drawing 2 is equipment which maintains at an inert-gas ambient atmosphere near 
the contact section of the plasma and a processed object according to a gas-curtain device using a 
coaxial-type cylinder nozzle, and is drawing showing an example of the equipment which sprays the 
plasma on a processed object using the equipment which added the inert-gas shower function which has 
a flueing device around this contact section, and arranged the gas-curtain device in the perimeter of this 
flueing device further, and equipment equipped with the conveyance device of a processed object. 
drawing 2 « setting — 1 - a power source, the nozzle object with which in a ground electrode and 3 a 
solid dielectric and 5 have a gas diffuser and, as for 6, an inside electrode and 4 have [ 2 ] a coaxial-type 
cylinder nozzle, and 7 — a raw gas inlet and 10 — an inner circumference exhaust gas cylinder and 1 1 — 
a periphery exhaust gas cylinder and 12 ~ in a processed object and 41, a carry ing-in belt and 42 express 
a processing section belt, and 43 expresses [ an inert gas inlet and 13 / inert gas blowdown pore and 14 ] 
a taking-out belt, respectively. 

[0061] Raw gas is introduced in the direction of a void arrow head in a tubed solid dielectric container 
from a gas inlet 7, by impressing pulse-like electric field between the electrode 2 arranged on the outside 
of a tubed solid dielectric container, and the inside electrode 3 arranged inside a tubed solid dielectric 
container, it blows off from a diffuser 5 as plasma gas, and suction recovery is carried out from the inner 
circumference exhaust gas cylinder 10. On the other hand, the processed object 14 is carried with the 
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carry ing-in belt 41 at first, then, is conveyed with the processing section belt 42, and the plasma gas 
from a gas diffuser is sprayed, the processed object 14 is processed, and it is conveyed through the 
conveyance process of three processes of subsequently being carried out by the taking-out belt 43. 
Moreover, inert gas is introduced from the inert gas inlet 12, blows off towards the processed object 14 
conveyed from the inert gas blowdown pore 13 in the lower part, carries out the role of gas curtain, and 
maintains the ambient atmosphere of a processed object at an inert gas ambient atmosphere. Inert gas is 
collected from the periphery exhaust gas cylinder 1 1 . In addition, a conveyance belt becomes 
controllable [ covering thickness ] by using what can adjust delivery speed to arbitration. Furthermore, 
to a processing section belt, what has a heating device is desirable. In addition, the abovermentioned 
flueing device may perform the local exhaust air not only in the nozzle circumference but other parts. 
[0062] In addition, it is also possible to unite with a nozzle, and exhaust air and an inert gas shower 
device, to offer the device which moves in the travelling direction of the processing belt 42, the 
rectangular direction, and the height direction, and to carry out the sweep of this unified nozzle 
structure. 

[0063] Drawing 3 is equipment which maintains at an inert-gas ambient atmosphere near the contact 
section of the plasma and a processed object according to a gas-curtain device using an parallel 
monotonous opposed type long nozzle, and is drawing showing an example of the equipment which 
sprays the plasma on a processed object using the equipment which added the inert-gas shower function 
which has a flueing device around this contact section, and arranged the gas-curtain device in the 
perimeter of this flueing device further, and equipment equipped with the conveyance device of a 
processed object. 1 — a power source and 2 — an electrode and 3 — an electrode and 4 — a solid 
dielectric and 5 — a gas diffuser and 7 — a raw gas inlet and 10 — an inner circumference exhaust gas 
cylinder and 1 1 — a periphery exhaust gas cylinder and 12 — in a processed object and 41, a carrying-in 
belt and 42 express a processing section belt, and 43 expresses [ an inert gas inlet and 13 / inert gas 
blowdown pore and 14 ] a taking-out belt, respectively. 

[0064] In drawing 3 , raw gas is introduced in the direction of a void arrow head in a box-like solid 
dielectric container from a gas inlet 7, by impressing pulse electric field among the^electrodes 2 and 3 
arranged on the outside of a box-like solid dielectric container, it blows off from a diffuser 5 as plasma 
gas, and suction recovery is carried out from the inner circumference exhaust gas cylinder 10. On the 
other hand, the processed object 14 is carried with the carrying-in belt 41 at first, and then is conveyed 
with the processing section belt 42, and the plasma gas from the gas diffuser 5 is sprayed, and it is 
processed and is conveyed through the conveyance process of three processes of subsequently being 
carried out by the taking-out belt 43. Moreover, inert gas is introduced from the inert gas inlet 12, blows 
off towards the processed object 14 conveyed from the inert gas blowdown pore 13 in the lower part, 
carries out the role of gas curtain, and maintains the ambient atmosphere of a processed object at an inert 
gas ambient atmosphere. Inert gas is mainly collected from the periphery exhaust gas cylinder 1 1 . In 
addition, a conveyance belt becomes controllable [ covering thickness ] by using what can adjust 
delivery speed to arbitration. To a processing section belt, what has a heating device is still more 
desirable. 

[0065] In addition, as equipment which achieves the above-mentioned inert gas shower function, that by 
which the base is carried out like drawing 4 and drawing 5 is desirable. 

[0066] Drawing 4 is an inert gas shower bath in the case of using a coaxial-type cylinder nozzle, and 
corresponds to the base of the nozzle part of drawing 2 . After plasma gas blows off from the gas 
diffuser 5 and processes a processed object, it is discharged from the inner circumference exhaust gas 
cylinder 10. Moreover, inert gas blows off from the blowdown pore 13 which exists in an inert gas 
shower field, and is discharged from the periphery exhaust gas cylinder 1 1 . 

[0067] Drawing 5 is an inert gas shower bath in the case of using a perpendicular monotonous mold 
long nozzle, and corresponds to the base of the nozzle part of drawing 3 . After plasma gas blows off 
from the gas diffuser 5 and processes a processed object, it is discharged from the inner circumference 
exhaust gas cylinder 10. Moreover, inert gas blows off from the inert gas blowdown pore 13 which 
exists in an inert gas shower field, and is mainly discharged from the periphery exhaust gas cylinder 1 1 . 
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[0068] In this invention, the equipment shown in drawing 6 can be mentioned as an approach of 
processing in the container filled with inert gas as a device in which it is maintained at the inert gas 
ambient atmosphere near the contact section of the plasma and a processed object. 
[0069] In the equipment of drawing 6 , a processed object is processed in the container 30 filled with 
inert gas. For example, it is desirable to use the equipment which contained the above-mentioned plasma 
and the principal part near the contact section of a processed object for the inert gas container 30 
equipped with the taking-out entrance into a room 3 1 for using the carrier robot 2Q of a processed object 
and the shutter 32 for it. the firm gas of the inert gas is made to carry out in the direction of an arrow 
head to the inert gas container 30 in drawing 6 — sufficient — airtightness is unnecessary, the' vacuum 
pump is unnecessary, and it is good at an easy blower mold fan, and the pressure resistance of inert gas 
container 30 the very thing is unnecessary, and good at an easy chamber. In the processor contained in 
the inert gas container 30, raw gas is made to introduce into the plasma gas-nozzle object 6 equipped 
with the X- Y-Z migration device from a void arrow head, and it processes by spraying the processed 
object 14. Moreover, exhaust gas is exhausted from the exhaust gas cylinder 10. Moreover, the 
processed object 14 is taken in and out of the cassette 21 which is in the taking-out entrance into a room 
3 1 with a carrier robot 20. Moreover, the processed product is taken in and out through a shutter 32. 
[0070] The inert gas replacement especially of the method of processing in the container filled with inert 
gas is also early possible, and it can also enlarge a processor freely and can respond to large area-ization 
of a processed object. Furthermore a processed object can be conveyed, without passing through a spare 
room etc., and it can respond to consecutive processing, processing of a sheet-like object, etc. easily, and 
has the advantage of it being stabilized independently and being able to introduce raw gas. 
[0071] In the atmospheric pressure discharge using the pulse electric field of this invention, it is not 
dependent on a type of gas at all, and it is possible to produce and cheat out of discharge under direct 
atmospheric pressure in inter-electrode, and it is the atmospheric pressure plasma equipment by the 
electrode structure and the discharge procedure which were simplified more, and the processing 
technique, and high-speed processing can be realized. Moreover, parameters, such as a pulse frequency, 
an electrical potential difference, and an electrode spacing, can also adjust the parameter about 
processing of a processed object. 
[0072] 

[Example] Although this invention is further explained to a detail based on an example, this invention is 
not limited only to these examples. 

[0073] The silicon nitride film was formed on the base material using the equipment of drawing 7 which 
performs the approach of contacting the plasma to a base material in the container which filled example 
1 inert gas. In the equipment of drawing 7, what carried out thermal spraying of the alumina to the 
thickness of 1mm as a solid dielectric 4 was used, using the stainless steel parallel monotonous mold 
electrode made from SUS304 with a width-of-face [ of 300mm ] x die-length [ of 100mm ] x thickness 
of 20mm as the up electrode 2 and a lower electrode 3. It rolls round with the delivery roll 15 all over 
space with an inter-electrode distance of 2mm by using a polyimide film 14 (magnitude:mm 
[ 100x100 ], thickness:50micrometer) as the base material formed membranes, and was made to convey 
with a roll 16. 

[0074] the gas which diluted ammonia 16% by argon gas tetramethylsilane 0.16% as raw gas - using — 
the direction of a void arrow head - supplying — the up electrode 2 and lower inter-electrode one — 
pulse electric field with the pulse shape of drawing 1 (a), 5 microseconds [ of pulse standup rates ], and 
an electrical potential difference of 10k V were impressed between 3, and the silicon nitride film was 
formed on the polyimide film under 95kPa (under atmospheric pressure). More.over, as inert gas, 
nitrogen gas was supplied in the direction of an arrow head in the container 30, and the inert gas ambient 
atmosphere was maintained. Generation of a silicon nitride film was checked on the processed film. The 
membrane formation rates at this time were 0.42 micrometer/sec. 

[0075] The silicon nitride film was formed on the base material like the example 1 using the equipment 
of example of comparison 1 drawing 8 except not using a gas controlled atmosphere device. Although 
generation of a silicon nitride film was checked on the film, when XPS estimated, the film front face had 
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oxidized. . 
[0076] 

[Effect of the Invention] According to the ordinary pressure plasma treatment approach of impressing 
die electric field of this invention, since contact processing of the processed object by the plasma of raw 
gas is performed under an inert gas ambient atmosphere near the atmospheric pressure, down stream 
processing can be used as a more efficient system, and it can contribute to the improvement in the yield 
of processing. Moreover, since the operation under atmospheric pressure is possible, the approach of this 
invention can carry out [ in-line ]-izing easily, by using the approach of this invention, becomes 
accelerable [ the whole down stream processing ], and can prevent the rate fall of large area substrate 
processing. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/19/06 



